Objective: It is unclear how alterations in gray matter volume and white matter density affect elderly patients with irritable bowel syndrome (IBS). This study aimed to investigate the relationship between structural changes in the brain and psychological stress in elderly IBS patients.
alter brain-gut interactions, and ultimately affect different physiological functions of the gastrointestinal tract. Recent brain imaging studies have indicated abnormal painrelated activation in IBS patients. Structural magnetic resonance imaging (sMRI) has emerged as a tool with great potential to study brain anatomy. 6 Recently, many studies have reported the abnormalities of gray matter density in various chronic pain populations; they found that a decreased gray matter density was associated with chronic pain. Geha et al 9 showed that reduced gray matter density in the right insular cortex, nucleus accumbens, and ventromedial prefrontal cortex was related to chronic regional pain syndrome. Furthermore, evidence for central alterations in IBS chronic pelvic pain or vulvodynia was found in gray matter density or gray matter volume (GMV). 10 Using diffusion tensor imaging (DTI), white matter abnormalities in the insula and anterior cingulate cortex were found in IBS patients. 11 During brain growth and healthy aging, human brain morphology changes in a specific pattern of development and atrophy. Previous studies have reported that GMV significantly decreases with age from the 20s to the 70s; however, white matter volume changes only slightly. 11 It is not clear whether age-related GMV changes react to the development of IBS. In many cases, IBS is associated with mood swings, anxiety, or anger. 12, 13 However, older adults may have less tendency for outbursts or feelings of anger and anxiety compared with younger adults. Overall, relations among stress, brain morphology, and IBS in older people have not been
reported.
The present study attempted to compare network properties and morphological brain architecture between elderly IBS patients and healthy controls (HCs). It aimed to test whether: (a) abnormal cortical thickness in key brain regions, such as the limbic lobe, insula, and hippocampus, is associated with increased rectal sensitivity; (b) gray matter abnormalities are accompanied by white matter abnormalities in IBS patients; and (c) abnormal feelings, such as depression and anxiety, explain some of the structural differences in the brain between IBS patients and HCs.
| MATERIALS AND METHODS

| Subjects
Data of clinical and neuropsychological examinations were collected from elderly IBS patients who were admitted to the Huashan Hospital between September 2013 and February 2015. The inclusion criteria were as follows: (a) patients aged 60-89 years who were righthanded and lived in Shanghai with Chinese as their native language;
(b) patients who were diagnosed with IBS using the Rome III criteria;
and (c) patients who could understand and sign the informed consent.
Gender and education levels were not limited. In this study, brain MRI was performed to exclude brain tumors. This study was approved by the ethics committee of Huashan Hospital (2015-165).
| Questionnaire
Each participant completed the Zung Self-Rating Anxiety Scale (SAS) and the Zung Self-Rating Depression Scale (SDS), which comprise 20 statements of feelings related to anxiety and depression, respectively. Patients were asked to rate the degree to which they had these feelings using a numerical scale from 0 (not at all or rarely) to 4 (most or all of the time).
| MRI protocol
A magnetic resonance scanner (GE Discovery MR 750 
| Voxel-based morphometry data analyses
The voxel-based morphometry (VBM) analysis was performed using SPM8 and VBM8 software (Wellcome Department of Cognitive Neurology, London, UK). Prior to the analysis, image segmentation was performed for 3D structural images of all the subjects using VBM8, which were divided into gray matter, white matter, and cerebrospinal fluid. All the images were normalized onto the template that came with SPM8. Voxels were multiplied by nonlinear components to modulate images. All the gray matter images were smoothed after normalization, with the full width at half maximum equal to 10 mm. The obtained gray matter images were averaged after smoothing, and the optimal threshold was selected as the gray matter mask of this study.
| Voxel-based DTI
To allow for voxel-based analysis, the fractional anisotropy (FA) and mean diffusivity (MD) maps were normalized using SPM8, and these normalized FA and MD maps were smoothed with a 6-mm isotropic Gaussian kernel, which was the same value in the VBM method.
| Statistical analysis
A whole-brain voxel-based jackknife approach was used to assess the microstructural brain changes in 18 IBS patients and 12
HCs. An independent two-sample t test was performed for each subject's final gray matter image and FA or MD maps between the IBS patients and the HCs. The statistical threshold for significance was P < 0.01 with an additional cluster extent threshold of 50 voxels.
Subsequently, questionnaire data (SAS and SDS score) as a covariate were also conducted to assess the microstructural changes using 1-factorial analysis of variance. Then, the Student's t test was used to examine the differences of age, Fazekas score, SAS score, and SDS score between the two groups to assess the statistical significance. P values and 95% confidence intervals from the t test were calculated and reported. HCs, healthy controls; IBS, irritable bowel syndrome; SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale. 
| Patient characteristics
Study participants-18 IBS patients and 12 HCs-were confirmed to be right-handed by the Edinburgh Handedness Inventory. 14 The study included 24 (80%) men and six (20%) women with a mean age of 77.6 ± 7.8 years (range, 61-89 years). The mean age ± SD of the IBS group was 79.3 ± 5.0 years, and that of the HC group was 76.2 ± 7.7 years (P = 0.23). The mean SAS in IBS patients (48.6 ± 6.8) was higher than that in HCs (37.3 ± 6.8; P < 0.001).
Similarly, the mean SDS in IBS patients (49.5 ± 10.8) was higher than that in HCs (34.9 ± 5.7; P < 0.001; Table 1 ).
| Cortical thinning in IBS and HCs
The present study showed a significantly decreased GMV in IBS patients compared with HCs in some brain regions, including the limbic lobe, occipital lobe, inferior occipital gyrus, precentral gyrus, hippocampus, frontal lobe, middle frontal gyrus, anterior cerebellum lobe, posterior cerebellar lobe, and cerebellum nodules (P < 0.01).
However, a greater GMV in the insula, left supramarginal gyrus, and HCs, healthy controls; IBS, irritable bowel syndrome; SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale.
F I G U R E 2 Alteration region of gray matter volume in irritable bowel syndrome patients and healthy controls when the Zung Self-Rating Anxiety Scale and Zung Self-Rating Depression Scale were taken into consideration HCs, healthy controls; IBS, irritable bowel syndrome.
middle temporal gyrus was associated with more abdominal pain in those patients (P < 0.01; Table 2 and Figure 1 ). When SAS and SDS were taken into consideration, a significant reduction in GMV occurred in the cingulate gyrus, occipital lobe, hippocampus, frontal lobe, medial frontal gyrus, superior frontal gyrus (affective and interoceptive processing), and limbic lobe in IBS patients compared with
HCs. However, a greater GMV in the insula, superior temporal gyrus, middle temporal gyrus, angular gyrus, and supramarginal gyrus (pain modulation) was found in those people.
Next, the relation between psychological stress and cortical thickness was tested. The region of interest (ROI) analysis indicated a strong negative correlation between psychological stress and cortical thickness in IBS patients. No significant difference was seen in the HC group. A decreased gray matter density volume was more often found in the frontal and temporal lobes in patients with higher SAS and SDS scores (Table 3 and Figure 2 ).
| ROI-based FA and MD
We tested the hypothesis that white matter abnormalities were related to IBS, and the deep white matter was evaluated according to the Fazekas score. No significant differences in the Fazekas score were found between IBS patients (1.67 ± 1.30) and HCs (1.83 ± 1.72; P = 0.78). The FA (a measure of the anisotropic component of the diffusion tensor) and the MD (a measure of mean water mobility) were used as surrogate measures for white matter microstructural integrity within the human brain. MRI DTI images indicated that the IBS group had lower FA in the callosum, upper corona, fornix, internal capsule, and caudex cerebri (Table 4 and Figure 3) . Additionally, IBS patients had a higher mean MD in the cingulate gyrus, callosum, upper corona, internal capsule, external capsule, caudex cerebri, fornix, front corona, and superior longitudinal fasciculus (Table 5 and Figure 4 ).
| DISCUSSION
Structural differences in the brain were evaluated between 18 IBS patients and 12 HCs in this study in terms of gray matter density and white matter volume. The present data provided novel evidence that: (a) abnormal GMV and white matter abnormalities occurred in some key brain regions in IBS patients; and (b) abnormal feelings, Many previous studies have demonstrated that abnormal rectal sensitivity in IBS patients is significantly associated with reduced GMV in the bilateral amygdala, bilateral insula, bilateral superior frontal gyrus, bilateral hippocampus, left gyrus rectus, left cingulate gyrus, left putamen, and brainstem. 6, 8, 15, 16 In other studies, however, a greater GMV was observed in several brain regions in IBS patients, including the hypothalamus, anterior cingulate cortex, hippocampus, basal ganglia, and primary somatosensory cortex (S1). [17] [18] [19] [20] Together, these studies support the concept that altered regional brain mor- hormone, which mediates the stimulation of inflammatory cytokines. 22, 23 Additionally, the corticotropin-releasing factor system can also regulate autonomic nervous system activity through modulation of the forebrain, hindbrain, and spinal sites, which can stimulate the sympathetic nervous system and induce the release of catecholamines. 22 In summary, HPA axis responses vary in different disease states with different impacts on the duration of stress response and on peripheral and central cortisol levels. Therefore, among the diverse factors related to IBS, the pharmacological and non-pharmacological approaches for stress-related disorders are important and effective treatments. [24] [25] [26] Although many studies have reported abnormal gray matter regions in patients with IBS or other chronic pain conditions, whether white matter abnormalities occur in IBS patients needs further exploration. The present study found that IBS patients had lower FA in the callosum, upper corona, fornix, internal capsule, and caudex cerebri, indicating that white matter abnormalities occurred The present study had some limitations. First, it did not confirm whether the observed changes in the brain in regional GMV and white matter volume preceded or resulted from IBS, owing to its cross-sectional nature. Second, although only older adults were included in the present study, hormone levels were not measured, and therefore the study could not address the possible influence of hormones on the findings. Third, the small sample size may not have been adequately powered to detect smaller group differences.
F I G U R E 3 Abnormal fractional anisotropy in irritable bowel syndrome patients and healthy controls T A B L E 5 Abnormal mean diffusivity in IBS patients and HCs
Location
Regions
| CONCLUSIONS
The results of this study support the view that changes in regional GMV and white matter volume play a role in IBS symptoms. The observed changes (increases and decreases) in GMV identified in this study may reflect different pathophysiological processes in IBS, including chronic pain-related mechanisms (decreased gray matter in the insula), associated increase in emotional arousal (decreased gray matter in the hippocampus), and increased sensitivity to somatic and visceral stimuli (increased GMV in S1). Specifically, psychological stress is an important factor for the development of IBS, through stimulating the HPA axis and then triggering adrenocorticotropic hormone and cortisol, hence influencing gut function.
Despite its limited sample size, this study indicates that structural changes in the brain help to provide insight into the mechanisms of IBS.
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